Measuring the fastest dynamical processes in nature relies on observing the nonlinear response of a system to precisely timed interactions with external stimuli. [12, 13] . This typically requires two (or more) controlled events, e.g., a triggering pump and a delayed probe pulse. To access explicitly time-dependent, excited-state dynamics, attosecond time-resolved absorption spectroscopy [14, 15, 16] was used with great success to uncover the nonequilibrium electron dynamics of atomic [17, 18, 19] , molecular [20, 21, 22] and condensedphase [23, 24, 25] systems in the presence of additional interactions. Such out-of-equilibrium processes include, e.g. the coupling of multi-electron configuration channels [8] , strong-field manipulation of autoionization [9] , or the strong coupling between excited quantum states [10] . Accessing and understanding the non-linear response of such processes is of crucial importance for controlling and steering quantum dynamics on the attosecond time scale [26, 27, 28, 29] .
In the linear regime, time-domain information can be directly obtained from spectroscopic data. The reason is, that causality connects amplitude (absorption) and phase (dispersion) by means of the Kramers-Kronig relations [1, 2, 3] . For systems in a stationary state the linear absorption spectrum A(ω) or cross section σ(ω) is proportional to the Fourier transform of the response function d(t) caused by a probe field Ԑ ( ):
Thus, the system's response carries information about its internal structure (e.g. resonant excitations) including the natural decay dynamics in characteristic time scales T nat . For alllinear interactions, the decay times can be extracted for probing fields Ԑ γ (t) with larger duration T Eγ >> T nat than the time scale of the system, simply by tuning the laser frequency through the spectral line width. It is even possible to use an incoherent probe field Ԑ γ (t), where the system interacts at random points in time with photons of various frequencies resolved by a spectrometer. The Fourier transform of the complete linear absorption spectrum corresponds to the response of a system to a (virtual) δ-like excitation event. This is because the response of a system at equilibrium is independent of time, and thus the arrival time of the probing photons is irrelevant. By contrast, the explicitly time-dependent evolution of a nonequilibrium state cannot be accessed by incoherent fields.
The question arises: How can we measure an explicitly time-dependent response?
In the general case of a system undergoing an explicitly time-dependent interaction V(t), the response function reads [ ( ), ] (see Fig.1 The validity of the reconstruction method is confirmed by first numerically calculating the response [ ( ), ] of a few-level quantum system, which includes a ground state |0⟩ and two excited states |1⟩, |2⟩. They are populated by a weak and short laser pulse, and resonantly coupled by a strong laser field after a fixed time delay (Supplement Section 2). The resulting dipole response, driven by a strong laser pulse, is shown in Fig. 2A . The absorption spectrum Fig. 2B . The real-time coherent response of the selected state |1⟩,
, is retrieved by using the reconstruction described above. The good agreement between the reconstructed (Fig. 2C ) and real ( Fig. 2A ) coherent dipole response, including the entire time-resolved holographic (amplitude and phase) information, confirms the validity of the approach.
Next, we apply this fully general result to a long-standing problem in the realm of strong-field atomic physics and attosecond science: Strong coupling of autoionizing states [9, 30] in an intense laser field. The experimental setup is displayed in Fig. 3A , employing a typical attosecond transient absorption beamline [5] . With this setup we realize the pulse configuration illustrated in Fig. 1 , where first the 2s2p doubly-excited state of helium is excited by extreme-ultraviolet (XUV) attosecond-pulsed light defining the time t 0 = 0 for the measurement. After a fixed time delay, the system interacts with a sub-7-fs (full width at half maximum) near-infrared (NIR) laser pulse (see Fig. 3B for illustration). The contribution of strong-field ionization pathways, leading to a decrease in the TDDM amplitude, can no longer be neglected. For the given NIR laser parameters of possible ionization into the N = 2 continuum, the Keldysh parameter ≈ 2.6 > 1 suggests that multi-photon ionization should be the favored mechanism [32] . In the absence of known ionization mechanisms for doubly excited states, we employ ionization rates = • ( ) , with I NIR (t) being the time-dependent NIR intensity envelope, n the order of the process (number of absorbed photons) and α n are constants that have to be adjusted for each involved state. With this course-grained model the predicted amplitude evolution of the TDDM shows good qualitative agreement with its experimentally reconstructed counterpart, now even for a relatively high NIR intensity of = 10.0 / 2 . Future development of theory is expected to provide even better agreement, where the full coupling dynamics between all autoionizing states and continua with different symmetries should be included [33] . Interestingly, the experimentally reconstructed phase at such high NIR intensity shows a sign reversal and initially evolves to negative values, which qualitatively differs from the modelled phase evolution of the TDDM. A possible explanation is that at these high NIR intensities, where ionization already plays a major role, the ponderomotive shift of the 2s2p level, transiently raising its energy [5, 6] Illustration of the probing of a non-equilibrium state of matter induced by a time-dependent perturbation V(t) using ultra-short laser pulses (blue) to trigger a response (gray), which is then modified e.g. by a strong external time-dependent electric field. From the measured absorption spectrum (eq. (1)) the response can be fully reconstructed if the excitation pulse is much shorter than the system's dynamics (eq. (2)). The interaction with such a δ-like pulse at time 0 produces a causal response 
